Abstract] Electro-fusion system with isolated gametes has been utilized to dissect fertilization-induced events in angiosperms, such as egg activation, zygote development and early embryogenesis, since the female gametophytes of plants are deeply embedded within ovaries. In this protocol, procedures for isolation of rice gametes, electro-fusion of gametes, and culture of the produced zygotes are described.
Pick up the unflowered ones from the panicles and dissect them under a stereo microscope.
Isolate ovaries, and transfer them into 3.5 cm plastic dishes filled with 3 ml of mannitol solution (370 mosmol/kg H2O) (Figure 2A ).
3. For egg cell isolation, remove the stigmas from ovaries and transfer them into new 3.5 cm plastic dishes filled with 3 ml of the mannitol solution (see Note 5) . Allow the ovaries to sink to the bottom of the dishes and cut them transversely with a razor blade at the middle (Figures 2A and   2B ). Under an inverted microscope, identify the egg cells which are released from the lower parts of the cut ovaries ( Figure 2C ; see Note 6). By using a glass capillary connected to a handling injector, collect egg cells and transfer them into mannitol droplets prepared in step A1
( Figure 4A ; see Note 7). 4. For sperm cell isolation, dissect an unopened flower under a stereo microscope to obtain anthers, and transfer anthers into a 3.5 cm plastic dish filled with 3 ml of mannitol solution (370 mosmol/kg H2O). Break anthers in mannitol solution with forceps to free pollen grains ( Figure   3A ). Pollen grains burst due to the osmotic shock and release sperm cells. Identify the sperm cells under an inverted microscope ( Figure 3B ). By using a glass capillary connected to a handling injector, collect sperm cells and transfer into mannitol droplets prepared in step A1.
( Figure 4B ; see Note 8).
www.bio-protocol.org/e2074 6. Transfer the differentiated shoots into a rooting medium in plastic dishes and culture them under a 13/11 h light/dark cycle at 28 °C for 11-13 days ( Figures 6I and 6J ).
7. Transfer the resulting plantlets to soil pods (diameter 20-28 cm, depth 30-35 cm) and grow in environmental chambers as described in Note 1 ( Figure 6K ). If needed, harvest seeds from the regenerated plants and germinate them ( Figure 6L ).
Data analysis
Digital images of gametes, zygotes, and their resulting embryos were obtained using a cooled charge-coupled device camera (Penguin 600CL; Pixcera, Los Gatos, CA, USA) and InStudio software (Pixcera). 12. The efficiency of successful electrofusion is approximately 85% under optimal conditions. 20 to 40 egg cells can be isolated from one hundred processed ovaries, and 15-30 egg cells can be fused with sperm cells by one experimenter in a day.
13. The rice zygotes produced by IVF start to form cell walls ( Figure 6B ) and two nucleoli can be observed in a zygote at least 4 h after fusion ( Figure 6C ). At around 12 h after fusion, welldeveloped granular organelles, probably starch granules, are visible in the zygotes and the first asymmetric cell division of the zygotes is observed at 17-22 h after fusion ( Figure 6D ). After the first division, the two-celled embryos continue to develop into early embryos at 40-50 h after fusion ( Figures 6E and 6F ).
14. Approximately 90% IVF-produced zygotes divide into two-celled embryo, and 90% IVFproduced two-celled embryos develop into globular embryos.
15. After five days culture of the IVF-produced zygotes, co-cultivation with feeder cells is not needed.
16. Diameter of cell colonies are approximate 1-2 mm, and can be transferred with Pasteur pipette.
17. Normally, after four days of subculture of the cell colony on a solidified-regeneration medium (22 days after fusion), green spots become visible and the emergence of multiple shoots is observed after eight days of subculturing (26 days after fusion). Most subcultured cell colonies form green spots and multiple shoots. 
